ABSTRACT
Introduction
The ability of the human body to heal a gastrointestinal anastomosis is a fascinating event. Wound healing consists of a perfectly coordinated cascade of cellular and molecular events that interact with tissue resurfacing and reconstruction.
In colon anastomosis healing, the most feared complication is leakage, which results in devastating consequences for the patient and is associated with high rates of morbidity and mortality 1 . The incidence of anastomotic dehiscence in the literature ranges from 0 to 35% 2 . In addition, numerous factors can influence anastomosis healing, including bowel preparation, surgical technique, nutritional status, suture tension, manual or mechanical suture use, infection and the use of pharmacological agents [3] [4] [5] .
For the experimental evaluation of intestinal healing, mechanical, biochemical and histological parameters are used 2 .
The two experimental mechanical parameters used to assess the anastomosis are the bursting pressure and breaking strength.
Bursting pressure reflects the intestinal anastomosis resistance to an increase in intraluminal pressure, whereas the breaking strength reflects the intestinal resistance to longitudinal forces exerted towards it 2 .
However, the best mechanical parameter to evaluate an intestinal anastomosis, and whether there is a correlation between these two parameters, remains controversial. The objective of this study was to evaluate the correlation between the bursting pressure and breaking strength of left colonic anastomoses in rats that were subjected to various experimental stimuli.
Methods
This study was conducted at the Laboratory of 
Experimental design
We used 70 male Wistar rats that were aged approximately 90 days and weighed 244-420 g. The rats were bred in Labocien -UniCEUB. These 70 rats were randomly divided into seven groups of ten animals each.
The animals were anesthetized with xylazine at a dose of 5 mg/kg and ketamine hydrochloride at a dose of 25 mg/kg, both intramuscularly. During the operation, additional doses of anesthesia were administered as needed.
A 1-cm colon segment located between 2.5 and 3.5 cm proximal to the peritoneal reflection was resected in all of the animals. An end-to-end anastomosis running suture using 6-0 polypropylene (Brasuture ® -Sao Sebastiao da Grama, Brazil) was constructed.
The animals in groups I to VI were submitted to pneumoperitoneum for 60 min prior to colonic resection and 30 min after the anastomosis with the gases and pressures listed below:
Group I -Animals submitted to CO 2 pneumoperitoneum at a pressure of 5 mmHg.
Group II -Animals submitted to helium pneumoperitoneum at a pressure of 5 mmHg.
Group III -Animals submitted to CO 2 pneumoperitoneum at a pressure of 12 mmHg.
Group IV -Animals submitted to helium pneumoperitoneum at a pressure of 12 mmHg.
Group V -Animals submitted to CO 2 pneumoperitoneum at a pressure of 20 mmHg.
Group VI -Animals submitted to Helium pneumoperitoneum at a pressure of 20 mmHg.
The animals in group VII (control) were subjected to laparotomy and maintained with the abdominal cavity open for 60 min prior to colonic resection and 30 min after the anastomosis.
Reoperation and operative analysis
The animals were reoperated on the 7 th postoperative day. After anesthesia (using the same technique as in the initial operation), a xiphopubic midline incision was performed, which provided a full view of the abdominal cavity. 
Breaking strength
To determine the breaking strength of the anastomosis, we used a vertical test apparatus named the Versa Test ® (Test Mecmesin Versa, United Kingdom), which had a traction capacity of 2,500 N, coupled to a digital portable dynamometer AGF ® (Panambro Industry Technical SA -SP).
A 4-cm bowel segment, which contained the anastomosis in its central portion, was resected. The segment was then cut in half between the mesenteric border and anti-mesenteric border, and then it was subjected to the breaking strength test. The traction speed for the breaking test was 25 mm/min, and the rupture value was expressed in N. The dynamometer was calibrated before each measurement series.
Statistical analysis
The SPSS 20.0 ® software (special package for social sciences) and Microsoft Excel ® were used for the statistical
analyses.
An analysis of variance (ANOVA) with Dunnett's multiple comparison analysis was used to evaluate the anastomosis bursting pressure and breaking strength.
Pearson's correlation test was used to assess the correlation between the values of anastomosis bursting pressure and breaking strength.
Results

Bursting pressure
The anastomosis bursting pressure ranged from 0 to 314 mmHg in the 70 animals, with an average of 193.10 mmHg, a median of 198.25 mmHg and a standard deviation of 55.56 mmHg (Table 1) One animal in group I had a blocked fistula and therefore presented an anastomosis bursting pressure value of 0 mmHg.
There was no significant difference between the groups (p=0.786), and there was also no significant difference between group VII (control) and group I (p=0.581), II (p=1), III (p=1), IV (p=1), V (p=0.996) or VI (p=1) (Figure 3 ). 
Breaking strength
The anastomosis breaking strength in the 70 animals ranged from 0.03 N to 0.56 N, with an average of 0.26 N, a median of 0.25 N and a standard deviation of 0.12 N ( Table 2) . There was no significant difference between the groups Then, we performed anastomosis breaking strength tests with 50%
of the circumference of the anastomosis between the mesenteric and anti-mesenteric border, in a segment that was unbroken by the bursting pressure test. In this manner, we could successfully perform both tests in the same experimental animal.
It is possible that the process of initially performing the bursting pressure test during the anastomosis could have influenced the results of the breaking strength test. However, we did not have other options available to evaluate these two methods on the same anastomosis. All of the animals were postoperatively subjected to the same tests at the same time, which made the groups comparable.
The tissue healing process consists of three phases: 1) hemostasis and inflammation, 2) proliferation and 3) maturation.
Previous studies have shown that the bursting pressure increases progressively during the 1 st postoperative week, which suggests that this test would be the most appropriate for evaluating the inflammatory phase of wound healing 8 . At this stage, the breaking strength was shown to be constant and not to reflect the changes in the intestinal healing process 8 . Subsequently, the breaking strength has been shown to gradually increase after the proliferative phase 9 , and this phase coincides with the progressive deposition of collagen types III and I.
Our study sought to evaluate the correlation between breaking strength and bursting pressure on the 7 th postoperative day, representing the interposition of the inflammatory and proliferation phases. Although we found a low correlation, which was not statistically significant, this correlation demonstrated that the results obtained with the two tests were not overlapping or unrelated, which was contrary to the original expectations.
The bursting pressure test is best suited to evaluate the integrity of the anastomosis and the risk for leaks. These leaks occur at fragile points of the anastomosis because of either small areas of local necrosis or failures related to the surgical technique.
This test is also the most appropriate for the inflammatory healing phase 6 . In contrast, the breaking strength test better reflects the anastomosis as a whole and is more useful in the proliferative and maturation phases 2 .
Conclusion
There was no correlation between the bursting pressure and breaking strength of left colonic anastomoses in rats on the 7th postoperative day.
